Abstract. The interpersonal reactivity index (IRI) is a widely used personality questionnaire for measuring empathy. We investigated the psychometric properties of the German version using the partial credit model. If this model fits the data, the raw-scores are fair measures of the latent construct. Only in such a case, further analyses based on the raw-scores are accurate and valid. The results showed model fit only for the subscale empathic concern. The subscales perspective taking and fantasy consisted of two theoretically explainable sub-dimensions. For the subscale personal distress, no model fit could be achieved. Our study provides important information on the psychometric qualities of the IRI that has been repeatedly used to assess, for example, group differences. It demonstrates that these analyses were not warranted by the psychometric quality of the questionnaire. Our results provide direct suggestions (e.g., theoretically explainable sub-dimensions) for further developments of the IRI to overcome this limitation.
While various definitions of empathy have been suggested (e.g., Batson, 2008) , empathy at a basic phenomenological level describes the ability to feel what someone else is feeling (see also Decety & Lamm, 2006) . Recent years have generated increasing insights into the neural and psychological mechanisms underlying this complex psychological phenomenon (e.g., Singer & Lamm, 2009, for review) . The majority of research has been performed using selfreport questionnaire measures. While several measures of trait empathy and related skills exist, one particularly often used questionnaire is the Interpersonal Reactivity Index (IRI; Davis, 1980 Davis, , 1983 . The IRI assesses the self-reported trait interpersonal reactivity based on four subscales that have been derived from a conceptual analysis of the multidimensional construct of empathy. These subscales are empathic Perspective Taking (PT), which describes one's tendency to spontaneously adopt the psychological point of view of others, Fantasy (FS), which assesses the tendency to transpose oneself imaginatively into the feelings and actions of fictitious characters, Empathic Concern (EC), covering feelings for others such as sympathy and concern for their welfare, and Personal Distress (PD), which intends to measure ''self-oriented'' feelings of distress, unpleasantness, and anxiety resulting from tense interpersonal situations.
The different subscales of the IRI have been widely used to assess the different subcomponents of vicarious emotional responses, in clinical and social psychology as well as in social neuroscience. A particular focus has been put on testing the distinction between personal distress (as a self-centered vicarious response) and empathic concern (as an other-oriented vicarious response); how this distinction relates to altruism and helping behavior, and whether these two subcomponents are supported by different neural and psychophysiological responses (e.g., Batson, Early, & Salvarini, 1997; Hein, Lamm, Brodbeck, & Singer, 2011; Lamm, Porges, Cacioppo, & Decety, 2008; Perry, Bentin, Bartal, Lamm, & Decety, 2010; Pfabigan et al., 2014; Singer et al., 2004) .
The success of the IRI has resulted in translations into various languages (e.g., Mendez, Graham, Blocker, Harlow, & Campos, 2011) , but assessments of the validity of the questionnaire showed rather inconsistent results. While several authors were able to demonstrate factorial validity for the instrument (e.g., Albiero, Matricardi, Speltri, & Toso, 2009; Fernµndez, Dufey, & Kramp, 2011; Gilet, Mella, Studer, Grühn, & Labouvie-Vief, 2013; Litvack-Miller, McDougall, & Romney, 1997; Mendez et al., 2011; Siu & Shek, 2005) , other studies indicated that the proposed four factor structure shows no acceptable fit (e.g., Alterman, McDermott, Cacciola, & Rutherford, 2003; Cliffordson, 2001 Cliffordson, , 2002 Pulos, Elison, & Lennon, 2004) .
The only German version has been published by Paulus (2009) . He revised the German translation of the IRI and investigated the four-factor structure in several steps using a classical test theory approach. Version 5.5 of the ''Saarbrücker Persçnlichkeits-Fragebogen zu Empathie'' (henceforth SPF-IRI, see Table 1 ) includes 16 items (k = 4 items each) with five answering categories (never, seldom, sometimes, often, always). The corrected item-total correlations were low (EC: r it = .40-.50, PT: r it = .30-.44, FS r it = .33-.40, PD: r it = .09-.31). Reliability was estimated with Cronbach's-a (EC = .71, PT = .71, FS = .74, PD = .66) and was compared, for example, with previous results of a study by Davis (1980) , who had reported Cronbach's-a coefficients between .71 and .79 (males: EC = .68, PT = .71, FS = .78, PD = .77; females: EC = .73, PT = .75, FS = .78, PD = .75).
The items of the SPF-IRI have been analyzed only under the paradigm of classical test theory. To the best of our knowledge, no analysis with item response theory (IRT) models, for example with the Rasch model (RM; Rasch, 1960) , has been conducted at this time, neither of the original IRI, nor of its translations into various other languages (including the SPF-IRI).
In practical applications simple IRI raw-scores (sum of answers on all items for a person) are used to test hypotheses of interest. Using sum scores as a correct measure of underlying personality traits is only warranted if the RM holds for the data. The RM has favorable properties which hold if the model fits the data (e.g., Embretson & Reise, 2000; Fischer, 1995; Molenaar, 1995) . One central property is the existence of sufficient statistics, meaning that the sum of responses on a Likert scale (raw-score) contains all information about a person's level of agreement (i.e., the latent trait of interest), and that it is irrelevant which items get a positive agreement. This property holds if the other properties of the model are also fulfilled. These properties are: Unidimensionality, local independence between items, monotonically increasing item characteristic curves (ICCs), and specific objectivity. An important feature of specific objectivity is measurement invariance (e.g., Kim, Yoon, & Lee, 2012) which means that different subgroups (e.g., males and females) show the same conditional probabilities to agree with an item, given the latent trait. In general, this term is also known as the testing of differential item functioning (DIF; e.g., Ferne & Rupp, 2007) .
However, only if the model fits the data, the raw-score is a fair measure of the latent trait. Fairness, in this context, means that one latent construct is the main determinant of the answering probability, and this is true for all investigated groups of persons. Only in case of model fit, therefore, is it possible to conduct further person oriented analyses with the simple summed raw-score -such as the investigation of gender differences (e.g., Pullmann, Bruns, & Sather, 2013) .
Main Aims of the Study
The aim of this study was to investigate the psychometric properties of the German version of the IRI (SPF-IRI). First, we compared previous results based on methods of classical test theory described in the section above. Second, psychometric properties of the items were investigated using a unidimensional IRT-model, and the factor structure of the SPF-IRI was investigated with confirmatory factor analysis (CFA; only described in the Electronic Supplementary Material 11). Based on our Being in a tense emotional situation scares me. 13 I tend to lose control during emergencies.
Notes. EC = empathic concern; PT = perspective taking; FS = fantasy; PD = personal distress; NR = number of item in test.
findings, we aimed to provide suggestions for improving the psychometric qualities of the questionnaire, as well as to pinpoint possible problems of using the existing version for the analysis of group differences.
Methods Participants
A convenience sample of n = 1,203 persons was tested in Austria and Germany of which n = 657 participants were students of different fields (females = 423; mdn age = 23, IQR = 4, min = 18, max = 60), and n = 546 participants were nonstudents (females = 344; mdn age = 35.5, IQR = 22, min = 15, max = 81). Further description of the sample is provided in the supplement (see Electronic Supplementary Material/ESM 1, Table 1 ).
Missing Values
Some persons (3.6%) did not fill out all items of the questionnaire (range of missing values on the level of individual items was 0%-0.49%). However, the missing values were not systematically associated with any external variables (gender, group, or age) and therefore can be treated as occurring randomly. Thus, we used list wise deletion in all analyses, except for the IRT analysis (for which we explain the detailed procedure in the section ''analysis with the partial credit model'').
Data Collection
Participants filled in a set of paper-and-pencil questionnaires and answered additional questions related to gender, age, nationality, mother-tongue, and educational level. In addition, students and nonstudents answered specific questions related to their studies or profession (students: field of study; nonstudents: current profession). The set of questionnaires included the SPF-IRI and additional questionnaires outside the scope of the present paper (Adult Self-Transcendence Inventory by Levenson, Jennings, Aldwin, & Shiraishi, 2005 ; Bermond-Vorst alexithymia questionnaire, German translation by Müller, Bühner, & Ellgring, 2004 ; Emotional Contagion Scale by Doherty, 1997 ; Independent and Interdependent SelfConcepts as Determinants of Self-Esteem by Pçhlmann, Hannover, Kühnen, & Birkner, 2002) . Overall, participation took about 25 min on average.
Analysis Procedures Classical Test Analysis
To investigate whether our sample was comparable with previous analyses of the SPF-IRI, several analyses based on classical test theory methods were conducted (e.g., Cronbach's-a and item-total correlations) and compared with the results reported in Paulus (2009) .
Analysis With the Partial Credit Model
The partial credit model (PCM; Fischer & Molenaar, 1995; Masters, 1982; Masters & Wright, 1997) and the rating scale model (RSM; Andersen, 1997) are both generalizations of the RM for the investigation of items with more than two categories. These models quantify the level of agreement (person parameter) by a latent trait with manifest indicators (items). The difference between PCM and RSM is that in the RSM the items share the same rating scale structure, whereas in the PCM the items can have potentially different rating scale structures (Wright, 1998) . Whether the PCM or the RSM should be applied may be decided based on theoretical considerations and/or based on a comparison of the models by a likelihood-ratio test and information criteria. In this study a likelihood-ratio test was used which calculates the deviation difference of the two log-likelihoods (2 · (logL PCM À logL RSM )). This test is asymptotically chi-square distributed with degrees of freedom equal to the difference of used parameters (df = npar PCM À npar RSM ). A nonsignificant result in the likelihood-ratio test indicates that both models fit the data equally well and the more parsimonious model should be used. Additionally, we compared both models with the Bayesian information criterion (BIC), whereby the model with the smaller value should be preferred. The BIC indicated that the RSM should be used for three subscales (PT: PCM = 5,967.38, RSM = 5,945.77; FS: PCM = 6,476.79, RSM: 6,460.77; PD: PCM = 6,640.09, RSM = 6,588.57); however, in this study the PCM was used due to computational issues in RSM convergence for the subscale EC, and because the PCM fitted the data significantly better than the RSM for the subscales PT and FS (PT: v 2 (9) = 43.53, p < .001; FS: v 2 (9) = 45.63, p < .001; PD: v 2 (9) = 12.19, p = .200). PCM conformity was tested as described in the following paragraphs.
Ordered Thresholds
The PCM defines adjacent categories (e.g., strongly disagree to disagree) as ''steps,'' which means that a higher level of agreement is needed to exceed a particular category. Furthermore, the point where two category characteristic curves intersect (i.e., two categories have equal response probabilities) is used to set the category boundaries (thresholds, s's; e.g., De Ayala, 2009). The thresholds should be ordered (e.g., s 1 < s 2 < s 3 ). If the order of thresholds is not given, this could indicate that this category is chosen too rarely and therefore is less informative. Further details of this concept are given in Masters and Wright (1997) . Note that the width of a category also shows the distribution of person parameters and may indicate extreme answering tendencies.
The analyses were set up as follows. First, the thresholds and item parameters were estimated with conditional maximum likelihood estimation (CML), and the person parameters were estimated with joint maximum likelihood (JML) estimation. Then, the assumption of ordered thresholds was investigated with person-item-maps (e.g., Bond & Fox, 2013) . The person-item-map displays the distribution of person parameters across the latent dimension in association with the range of thresholds and item difficulty parameters (see Figure 1 ). This shows whether the distribution of person parameters is approximately normally distributed (or for instance whether most of the persons showed extreme answering tendencies and reached a high raw-score). Moreover, it allows investigating whether the items are distributed across the whole spectrum of the latent dimension, and whether the assumption of ordered thresholds is fulfilled.
Itemfit
Residual based mean-squared infit and mean-squared outfit statistics were used as itemfit statistics (see Wright & Masters, 1990) . According to Wright and Linacre (1994) the acceptable range of itemfit statistics was from 0.6 to 1.4.
Unidimensionality
Different approaches exist for the investigation of dimensionality (e.g., Brentari & Golia, 2007) . One possibility is the investigation of dimensionality with the MartinLoef-test (M-LRT; e.g., Christensen, Bjorner, Kreiner, & Petersen, 2002; Fischer & Molenaar, 1995; Verhelst, 2001) . In this test, the items have to be split into at least two groups of items; then it is tested whether the assumption of unidimensionality is fulfilled across the predefined groups of items. Items can be divided into groups using an internal criterion (item-score median: ''items with higher level of agreement'' vs. ''items with lower level of agreement'') or based on a theoretically motivated a priori hypothesis (external criterion). The following a priori hypotheses about possible model violations were assumed for the subscales PT and FS:
Hypothesis 1 (H1): PT: A semantic content analysis by the authors suggested that the subscale might be divided into two groups. While the first and second items (item number 04 and 10) assess ''understanding of both sides,'' the last two items (14 and 16) ask for ''to put oneself in another position.'' This hypothesis is also in line with Albiero et al. (2009) .
Hypothesis 2 (H2): FS: Again, based on a semantic content analysis of the items of this scale, we predicted that this subscale can be divided in two groups. For the first and third items (02, 12) participants have to generally ''put oneself in the position of a fictitious figure,'' whereas for the second and fourth items (07 and 15) participants have ''to feel like the fictitious figure. '' When the M-LRT showed a violation of the assumption of unidimensionality, first, the latent correlation between the identified dimensions was estimated and second, the fit of the unidimensional PCM and the two-dimensional PCM were compared. Thus, multidimensional item response models (MIRT; e.g., Hartig & Hçhler, 2009) , which are special cases of factor analysis (e.g., Reckase, 1997) , were applied. However, if the correlation between latent traits is below .95 a violation of unidimensionality can be assumed (Carstensen, 2013) . Additionally, the Aikake information criterion (AIC) and a chi-square test were used for the comparison of different estimated models.
Measurement Invariance
To test measurement invariance, the Andersen-likelihoodratio-test (LRT; Andersen, 1973 ) was used on the global level. On item level, the Wald-test (e.g., Glas & Verhelst, 1995) was calculated, and confidence-intervals (DIF-plot; e.g., Mair, Hatzinger, & Maier, 2012) for each threshold were plotted for a model check based on visual inspection.
In the LRT the data can be split in two or more groups of persons. If the model fits the data, the items should show parameters of equal difficulty across groups. Furthermore, the thresholds show the same order and equal distances across groups. If results indicate a model violation, the potential source can be investigated using the Wald-test and DIF-plots on item level (see Electronic Supplementary Material 3-6 and 7-10). According to the LRT model, violation is also given in the case of inaccurate estimates (wide confidence intervals of estimated thresholds). This circumstance has to be considered in the interpretation of model violation because it is not possible to determine whether the significant result is a result of less accurate estimation or occurs because of a model violation.
Different split criteria can be defined. First, persons were divided by the raw-scores'-median (r-mdn) to a ''less agree'' and ''more agree'' group (internal criterion). As in the simple RM with this split criterion it can be (amongst others) tested whether the ICCs of each category parameter are monotonically increasing. As external criteria, gender, group (students, nonstudents), and median of age were chosen.
The Critical Value Alpha
We have chosen an alpha of 10%. However, we test the fit of the PCM using a series of tests. Therefore, alpha was corrected using the recommendations by Koller, Alexandrowicz, and Hatzinger (2012) , who have formulated a possible way for dichotomous items: (a) Andersen-LRT: a* = a/q, (b) Martin-Loef-LRT: a* = a/q, and (c) DIF-plot and Wald test: a* = a/(q · k), where a is the global critical value, q is the number of split criteria, and k is the number of items. Thus, we used a* = 10%/4 = 2.5% for the LRT and a = 10% for the M-LRT, because only one analysis was performed for each subscale (see results). For the DIF-plot and the Wald-test on item level we used a* = 10%/(4 · 4) = 0.625%.
Missing Values
As explained above the data included missing values. For the LRT and the Wald-test it is possible to estimate the parameters including missing values, when it can be assumed that they occur randomly (e.g., Mair & Hatzinger, 2007; Ünlü & Yanagida, 2011 ). But it is not possible to apply the M-LRT with missing values. However, there were only a few missing values (range of missing values on the level of individual items was from 0% to 0.49%) and they were not systematically associated with any external variables (e.g., gender, group, or age). Thus, we investigated the properties of the PCM including and without missing values. For the last procedure we used a simple random imputation algorithm where missing values were randomly replaced by the possible values 0, 1, 2, or 3, that is, the four categories of the response format. The results of both analyses showed the same results. Thus, only the analysis without missing values in the data is described in this paper. All PCM analyses were conducted with the open source program R (R-Core-Team, 2012) and the package ''extended Rasch modeling'' (eRm; Mair et al., 2012) and the package ''multidimensional item response theory'' (MIRT; Chalmers, 2012) .
Results

Psychometric Investigation
First, Cronbach's-a and item-total correlations were calculated for each subscale. The reliabilities were low to 
PCM-Fit
The person-item-maps (see Figure 1 ) indicated that the items get parameters of equal difficulty and were not distributed across the whole range of the latent dimension. The assumption of ordered thresholds was fulfilled for all items and all four subscales. Additionally, for EC, PT, and FS the wide range of the last categories and for PD the wide range of the first category indicated a tendency for social desirability.
The infit and outfit indices are calculated separately for each subscale. The results are given in the Electronic Supplementary Material 2 and showed good behavior (range infit: 0.652-0.963, range outfit: 0.651-0.990). Table 2 summarizes the results of the global tests (LRT and M-LRT). In summary, the results showed that only the subscale EC can be assumed to be PCM conform. In the following paragraphs the results for the four subscales are explained separately. Note that the results for the Wald-tests and the DIF-plots are given in the Electronic Supplementary Materials 3-6 and 7-10, respectively.
Subscale Empathic Concern (EC)
The results of ML-LRT showed that the items fulfilled the property of unidimensionality. Furthermore, the results of LRT showed only one significant result for the internal split criterion (see Table 2 , r-mdn). On item level, the Wald-test showed only one violation for one category. The DIF-plot showed wide confidence intervals, which means that the estimation of the thresholds was inaccurate. However, all other confidence intervals showed an overlap, which means that the thresholds did not significantly differ in groups. Furthermore, for the items 01 and 11 no complete analysis could be performed, as no female had chosen the first category of item 01 and no person of the higher scoring group had chosen the first category of the 11th item. Thus, it was not possible to test the fit of these items in the specified groups.
Subscale Perspective Taking (PT)
To test unidimensionality, an a priori hypothesis was formulated for items 04 and 10 versus items 14 and 16 and used as external split criterion (see in the section ''analysis with the partial credit model''). However, the analysis with the internal criterion showed that it was easier to agree with the items 04 and 10 (understand both sides) and more difficult to agree with items 14 and 16 (put oneself in the other's position). Note that ''easier'' in this context is a notion borrowed from ability testing and refers to the ''ease'' or ''difficulty'' that someone will agree with a statement. Thus, only one analysis was performed. The result showed that these two groups of items were not unidimensional (Table 2 , last column). The comparison of the unidimensional model with the two-dimensional model showed that the last one described the data better (AIC 1dim = 22,971, AIC 2dim = 22,939). The latent correlation between the two dimensions was r = .91. Additionally, the LRT showed significant results in three split criteria (see Table 2 ). The results of the Wald-test and the DIF-plot allowed no theoretical explanation of model violation, but because of the result of the M-LRT it can be assumed that the violation is based on multidimensional subsets of items.
Next, the identified subsets were analyzed separately. Because of too few items in the subsets, only the analyses for the split criteria gender, age, and group were possible. The results showed that both subsets of PT can be assumed to be conform with the PCM. PT_both sides: LR GENDER = 7.74, df = 7, p = .356; LR AGE =9.21, df = 7, p = .238; LR GROUP = 2.57, df = 7, p = .922) and PT_one-self: LR GENDER = 3.04, df = 7, p = .88; LR AGE = 7.71, df = 7, p = .359; LR GROUP = 33.02, df = 7, p < .001). The only significant result for LR GROUP (PT_oneself) arises because it was more difficult to reach some thresholds of item 16 for the students compared to the nonstudents (p-values of the Wald-test for each threshold: p 1 = .532, p 2 = .002, p 3 < .001, p 4 = .009).
Subscale Fantasy (FS)
The M-LRT analysis with the internal criterion showed that it was easier to agree with items 02 and 12 than with items 07 and 15. As in PT, the internal and external criteria collapsed. The result showed that these two groups of items were not unidimensional (Table 2 , last column). Also the MIRT showed that the two-dimensional model fits the data slightly better (AIC 1dim = 2354.50, AIC 2dim = 2,351). The latent correlation was r = .92. The LRT showed a marginally significant result for the internal split criterion and a significant result for the split criterion gender. It was not possible to analyze the item 12 with the split criterion raw-score median, because nobody in the higher scoring group had chosen the lowest category. As in PT, the results of the LRT, the Wald-test, and DIF-plot allowed no theoretical explanation of model violation, but due to the result of the M-LRT, it can be assumed that the violation is based on multidimensionality.
Next, the identified subscales were analyzed separately with the split criteria gender, age, and group. The results showed no model violations for both subscales: FS_imagine: LR GENDER = 28.80, df = 7, p < .001; LR AGE = 8.42, df = 7, p = .297; LR GROUP = 7.70, df = 7, p = .360) and FS_feel like: LR GENDER = 8.10, df = 7, p = .324; LR AGE = 5.51, df = 7, p = .598; LR GROUP = 5.31, df = 7, p = .623). The only significant result for LR GENDER (FS_imagine) could not be interpreted based on theoretical considerations. On item level no thresholds differed significantly (a* > .017). This can be explained through a large sample and a short test version.
Subscale Personal Distress (PD)
The result of the M-LRT showed that the two subgroups are multidimensional to each other. The comparison of the unidimensional model with the two-dimensional model showed that the latter described the data better (AIC 1dim = 12,331, AIC 2dim = 12,246). The latent correlation between the two dimensions was r = .76.
The results of the LRT (see Table 2 ) showed three significant results for the internal criterion, gender, and age. The Wald-test also showed significant results. For example, for three categories of the item 06 (feel helpless) females have a significantly higher tendency to agree. Furthermore, for three categories of the item 08 (being in a tense emotional situation scares me) persons of the elderly group have a significantly higher tendency to agree. Additionally, a more exploratory approach was used, where each item was eliminated once, none of those analyses yielding better results.
Inadequate Model Fit and Group Differences
Pooling items with inadequate model fit to one subscale can result in invalid conclusions concerning further analyses, for example analyses of group differences (see e.g., Waiyavutti, Johnson, & Deary, 2012) . Aiming to demonstrate possible consequences of subscales with inadequate model fit, we investigated gender differences for PT, PT_bothsides, and PT_oneself. The results for PT showed no significant difference, but a tendency toward females reaching a slightly higher score than males 
Discussion
The PCM is an item response model which provides positive psychometric properties if the model fits the data. Our study shows different interesting results for the application of the SPF-IRI, and for further improvements of the instrument. As expected for many personality self-report measures, the width of the estimated category regions indicates a tendency of social desirability for all four subscales of the SPF-IRI. Therefore, in EC, PT, and FS persons tend to answer in the upper category (wide range in the distribution of person parameters), whereas in PD, which is negatively worded, they tend to answer in the lowest category.
Furthermore, the results show that the model holds only for EC. For PT and FS, which could be subdivided into two dimensions each, the a priori assumed hypotheses (see in the section ''analysis with the partial credit model'') were good indicators for explaining the model violations. For example, based on the results, we assumed two theoretically different dimensions for PT, namely a more cognitive-comparative dimension (to understand both sides for answering questions or to make decisions) and a dimension relying on self-projection and simulation (to put oneself in the position of another person). This interpretation is also consistent with similar claims suggested by Albiero et al. (2009) . Based on results of a study by Jolliffe and Farrington (2006) Albiero et al. suggested that the subscale PT of the original IRI mostly focused on the ability to put oneself in the position of another person and less so on the ability to understand emotions felt by another person.
Although the results of the present study are based on self-report response data (a statement to the topic of response processes and response effects is given in, e.g., Schwarz, 2007) , these are in good accordance with recent results from social neuroscience which show that these different skills are also subserved by different neural networks (Singer & Lamm, 2009 ). While distinguishing between two different vantage points seems to recruit areas of the cerebral cortex that are related to self/other distinction and attention switching (such as the temporo-parietal junction; e.g., , prefrontal areas seem to be specifically related to simulate the perspective of others and to step into their shoes (e.g., Mitchell, 2009) . Also for FS two theoretically explainable dimensions can be assumed. The first dimension includes the challenge to put oneself in the position of a fictitious figure, while the second dimension requires one to feel like the fictitious figure. Notably, for PD it was not possible to get model-conformity, and we were not able to identify reasons for a theoretical explanation of this model violation. The subscale PD should be generally revised. Notably, the concept it intends to measure has high conceptual relevance in social psychology and recent social neuroscience work (e.g., Lamm, Batson, & Decety, 2007; Lamm et al., 2008) . The present results indicate that some of the findings reported using this scale might be flawed. For practical applications it can be concluded that it is possible to use the subscale EC, but PT and FS should be divided into the sub-dimensions explained above. As it stands now, PD is likely not to be very informative or reliable in practical applications. This has important implications, as this subscale has recently been of special interest in theoretical concepts separating self-versus other-oriented vicarious responses and their link to altruism (e.g., Lamm et al., 2007; Singer & Lamm, 2009) .
Furthermore, empathy is a complex interpersonal construct with many different facets which are difficult to operationalize using questionnaires. Thus, the individual subscales may contain too few items, and in particular too few ''good'' items -which negatively affects measurement accuracy. Thus, based on the result of the presented study and from a psychometric point of view, it is necessary to construct further items for the subscales EC, PT_bothsides, PT_oneself, FS_imagine, and FS_feel like and do some reanalyses with new samples.
Additionally, the differences in results for gender differences showed that pooling the multidimensionally functioning items to a summary raw-score may have substantial consequences on further analyses. Future studies should, therefore, consider this limitation and perform their analyses using the two subscales we identified (and abstain from using the originally proposed subscale).
Several authors (e.g., Markin, 2011) highlighted the importance of a uniform definition and operationalization of empathy based on new research findings. Furthermore, different measures of empathy exist, but, for example, Gerdes, Lietz, and Segal (2011) pointed out that it is important to construct a new measure which combines inter-disciplinary social-science research and findings from social cognitive neuroscience. Finally, our results do not only demonstrate that multidimensionality could negatively influence subsequent analyses, but also that considering multidimensionality might provide further theoretical insights in the latent construct of interest (in our case, perspective taking, and empathy).
Limitation of the Study
The sample in this study is rather large and included persons of different fields of study and different vocational fields. The critical point of this study is that the subscales of this complex construct included only two to four items after the PCM-analysis. Thus, the results of PCM-analysis and CFA analysis (see Electronic Supplementary Material 11) are only based on two items. Therefore, it is important to construct further items based on this result and reanalyze the items with new samples. This is also a critical point for the resulting SPF-IRI. Measuring such complex latent traits as empathy with only two items imperfectly capturing the underlying construct may result in low measuring accuracy. Although the results are based on and confirm a priori assumed hypotheses (based on a content analysis of the items), they need cross-validation and confirmation by further investigations.
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